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AN INVESTIGATION OF THE
ALEALINITY OF SODIUM SULPHIDE
IN AGUROUS SOLUTIONS,



?ﬁ%‘%ﬁ% ef sodlum eulphide se an iag%%&é%ﬁ% in the
dopdletory point enployed ia the felluonpgering of choape
shine 1e now slmost wniversauld. The sediuwa sulpbide le in
agueous solution and le customerily %ﬂiaﬁ&&@@y%ﬁ the
puspension of slaked lime in the solubtlons sufficient linme
being added to wake o palnt vwhieh will adbere casily %@ the
ghin, This paint is applled to the inner eide of the skin
and ite depllstory wetion ie such ae to allew the essy

vemovsl of the woel from the pelt within 24 %o 36 hovre,

T in rvesognised Ywt sare e %@ﬁ%%@@yy in the making wp

i this paint, I7 the sodium sulighlde solution le tow

glrong the pelt will be domogeds in extreme oavss holes
will appents 3%&%2&@ to o %%;%% @ﬁiﬁg %ai‘@%%ﬁ‘@%@@% are
| moet comaon in varn weather,

Although the active agent l¢ sodliwn gulphide 3¢ is
probable that the sotusl dwege oy buvndng of & sliin ie due
to free alkali, wiether present ae an lupurity in the
eomuereisl pulphide oy fernmed by the hydrolyeis 6f the
gulphidae,

a,,

ipon {The Chemistey of Leather Vanufaoture. .

to explain the meohanlem of the sulphide depilotion - piates

(1) there in o remction belvween the protein kepetin and the
B fon and (2) this vesotion eo alieve the structure of the

protein that the repidues asve more reondlly atiacked by the



U 109,

It was decided that an investlgation of the slkalinity,
hydrolysis, ete, of sodium sulphide would have some value,

Th@ writer undertook to investigate the use of the
hydrogen electrode in solutione of godiuvm pulphide in
- water, and in solutions of godium sulphide %o which had
been &ﬁééé‘¥@?i$§ﬁ other chemicals used in the monufsoture
of the dépilatory paint,

Jellinek and Ozerwineki, {Zeitschrift fur
Thyuionlische Chemies Band 103, 1923, Dp. 438-279) vegarded
the hydrogen electrode as vupuitable for use in the
gulphide solutiong, They finally dedused the hydrogen ion
gongentration of sodium pulphide g&lﬁii@a fron the
mensurements of the other jfons in the selution, Their
repults will be veferred to 1§t@§¢

Ffurthermore there appears 1o be a prevalent belief that
%ﬁi@hiﬁﬁ\%ﬂlatiﬁﬂﬁ would poison the hydrogen elestrodes,
{¥ileon - The Chemistey of Leather Manulfacture, p, 202,

Please = The Journal of the Seclety of ﬁhﬁﬁi@ﬁf? in Industey.
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&

1929, 1BET, Atkin, Goldmen snd Thomson + The Journal of

the E@t@rﬁéti@agl soeiety of Lesntheyr Yrede Chemiste,
Datohear i@@&a Ve 68,1 Conncoted with this, no doubt, is
the faot That Hg& iz & ocataelyidie polson foyr platinum in
mopt reactions, A sordes of experiments, wiich will be
deseribed in due oousses were periormed in arder to see if
the elestirodes were o poisoned ap to affeet the electvo-

notive forces meapured or, alternativelys, to see if



-
poeisoning ocourved at all,

A& certein emount of work on the alkalinity of sulphide
golutions and peinte Wa$ ?%ﬁﬁ?%%ﬁ by Weight and Askew {Hew
Gealand Jourmal of folence and Technologys vol, XI, Wo. 3,
pp, 167-165, 1928) They simply titreted the solutiong
| %heg'iﬁ?égtigﬁﬁﬁﬁ uging {a) §ﬁ@ﬁ@i§&ﬁﬁ%l%iﬁ‘&ﬁﬁ'i%§ methyl
orange as indicators, They regerded the phenolphthalein
end point titration as giving the free slkali and the
methyl ovange endpeint titration as giviﬁg‘tﬁ@’%aﬁgilalgali.
?ﬁeag“@ﬁ?%ﬁi%&%ﬁg’%@?a performed in connoetion with the
introdustion of caleiuwn chlovide in the depilatory painte
ag a means of sontrolling the alkalinity to %iimiﬁ&%é the
burning of pelits, The present wpiter therefore included a
series of experiments with caleium chloride ndded to the
sodium sulphide polutions to compare his resully with thope
of Wright and Askew,

| Finally the behaviour of the hydrogen electrede in a
@%@@i@ of summeyeinily prepared depilatory paint vwas
observed, The paint was kindly supplied by the Wew Zealand
Refrigernting Company Iimited, | |

Ho ettempd was made to wespure the more dilute lime-
godiun sulphide solutions referred to in the leather trade
e “Lime liquors®, After the completion of the esperimental
work of thig theels a @ggéf degeribing the gravisetric
determination of the alkalinity of the lime liquors becams
available in Wew Zealand, (Atkin, Goldman and Thomson--
Journal of the Xﬁﬁ@fﬁ&tieﬁai §@§i%iy'af Leather Trade
Chemists, Oectober 1953 pp. 3868 et weq.)



MINARY, FXPRRIVENTS

A preliminary set of sxperiments was undertaken o see
if the hydrogen electrode gave reaponable snd reproducible
resulis in the sulphide solutions and elgo in order to
é%%%iﬁ gome inhdication of the type of hydrogen electrode
which was most likely to be of service, These preliminary
%ﬁ?é%ﬁm%ﬁ%ﬁ were performed ot ré%m temperatire and a
somewhat orude potentionmuter was used Lo measvure the H, M, T,
These axpeviments sufficed to demonstrnte that by vsing the
Glark type of electrode vessel (vide infra) steady and
definite potentiale could be obtained from the cell Pt|H,

Na, § K01 . K01  Wg0l, . Hg. The Hildsbrande type of
electrode vessel was not so satisfactory nor could any
definite resulte be obitained from Glasstone's %y@% of
hydrogen electrode, {Analyest, 1925 =~ BO - 327)

Because these preliminary experiments were executed
without elther tempersture contrel or scourate potentiometrie
gpparatup, the results obitained are not ina&ry@?@téd in
this work,



Desoription of the Apparatus,

The Hydrogen Generater,

The hydrogen generator was of the Gaede-Niese type.

1% eongisted of a Uetube of pyrex pglass with an internal
dismeter of i‘iné&*‘.@aaygwm af the tube was 6 inches long
and the other was 12 inches long, The tube wee Titted with
two eleatvedes in the longer srm and one in the ghorter arm,
One eleetrode in esach arm conelsted of three sguare
centimetrss of platinum foils the third electrode was
plaved lower in the tube (see fig, 1) and congisted of Hwo
miilimetres of platinum wire, All the electrodesn wers
mounted in meveury Filled g&&%g‘%méﬁ@ in the upuval way,

The U-tube waz nmownted in & large glaep trough throsugh
wolch cold water flowed at constont level, |

The gonerator wos wired as shewn in fipure I and the
U=tube wae £illed Yo within an inoh of the top of the short
arm with 107 NaOH soiution,

Bhen whe swlich ¥ was in the pesition H the eleetrie
surrent {220 velts U, U.) @%%ﬁg@& alpctrodes A and ©
negnbively and B posltively, Hleotrode ¢ wae provided with
o pmall current through the resisiauvce bulb D and also
avalved a litile hydrogen which apeended the longey arm ag
o otreum of f%ﬂ%y%ﬁb@l%ﬁ and "oleaned we' any evsygen whieh
diffured down from the oRygen slsotrode,  Thig %Q?ﬁ%ﬁ@?
glectrode ensuved thet the hydrogen used wap uncontaminated

with the electrolytic oxygens
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With the switeh P in the zow

don G the gae wes more slowly

the zoe o

G

spure in the hydvogen srm
inerensed the elestrolyte was depressed in that eim and rose

in the looger arm shiech wag open to the aly, Thie sillowed

&

a pulfteient prespure of hydrvogen tov be obtained

snd aleo
perved to store enough hydrogen to flugh the Clavk

eglpotrode ver

s Tor oy ?@gmiw aarried over
ugh anothey wael bodtld

sontedning dletilled water to adlust appromimtely the

rogen o the water vopouy DPressure

i, ale spproerimstion was conglder-
ed to be olope enoughs Tor the sulphide solutions come in
oontast with about Bee of the hviregen, This laet wash

bottle alen perved to cleange Turther the hydrogen.

g of the type depigned by
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4 by hin in ®the Deternination of

Hydrogen Tone® pp. 203 %@ﬁ 24, Two of thepe vesssls were

used aud both were connsoted with » ¥OL {%%@m%ﬁ%@%_%&i&%i@%?

wridge of the type sustomerdly wed with the Clark veseels,

rogen eleatrode vespels were vooked by the setion of

an eccentrie pulley dwiven by sn elecivlie motor,

A satursted palomel eleo Lroade of the eommon type wap

moade and wae standsrdised fr - gomparison with




froshly prepared 1/10F KOl saturated calomel, electirodes,

ydrogen Hleclrode Bases,

The hydrogen eleotrodes bases used in the groster part of
this work wers equares of thin platiznun foils, aboub 25 ag,
mmg in avess moumted in glass tubos and lightly soated with
platinum b&&@k; Thasge were provared and polarised in the
upual way and eajuire no somment, Variows other types of
electrode buse were used, These will be discuszed in the
section dealing with the poisoning of the hydrogen elecirode

i
by the sulphide solutions

Q&%{VI t 3 .&%\%Z«z) (}’%%ﬁ vy )

The potentiomster used for the fivst hald of the

@ﬁ@%ﬁimﬁﬁﬁﬁ “@n‘iﬁt@é of & metys hziégavaf“§1%%i§am ifiéiﬁm

wire in the Poggendort cireuit, This wive eould be vead
segurately in divieions of 1@%@ %hgé'gﬁgam%, The potential

drep along this bridge was &egﬁla%bd to o v Eﬁ&iﬁf 1,10
volts, The null point inetrument wss &'i%%ﬁﬁ §§?€§§ﬁ@
nesdlie g EV@ﬂ@ﬁ@t%rﬁ By amsans of this apparalus the
unknown R, 5, wap compared with that of an uncoturated
sadmivn gell which had a potential of 1,0183 V@1%§g‘

For the second half of the experiments a Lesds Horthrup
shudent ygié&%iam@t@f becare aveilable and was ueed in
gonjunction with & wmirver galvanometer and the same
gtandard sell, Heasurements of the potential of some @f
the cells messured by the metre bridge potentlometer were
made with the student poltentiometer, Both ingtruments gave

the pame readings,




s Ee

With both apparatus readings were recorded $o ,0008
@ﬁl%@g

Under oilvoumsiasnoer Lo e @@&hf&@@ﬁ lunter ancther nwll
point instrument was owployed, This incorporaied o
theenionie valve, A slight modificebion of Goode'sp ciroult
way uped, Pigs 11 illustvates the civeult, The three
venistances vepresenied @y'?%;‘%% and RS were sdjusted t@
helance out the plase ourrent, PG was a Timed vesistanse
of 100 ghne and B8 of 50 olms, it wot o veriable

registancs of the earbon compreesion typs (lissenstat),

ol

ALL the other aymbels in the dlagram have thelr usus

meaniing, The plate csurrent wap {ireb balanged out with the

o

witeh ¥ in the position ¥ so that the galvanometer gave ne
deflection, The olreult was broken by placing ¥ lo the
pogltion % and the meter bridge wes adjusted BILL thae

galvanoneter sgain gave no deflection, The sell % was

r,{,;

either the standard cadaiunm cell or the cell belng monsured
and the value of the eell being meapured was cazloulated
from the veadioge on the meire bridge in the ususl menner,
A Blight avid current was detectable in this appavatus, but
as the readings obialned wilth 1t were very olose Lo thoss
of the giupler Poggendorf arrangement, it was coneluded
that the geid curveat was insufficient to polavise the

gells being me spured,

As the Clark slectrode vespels are unsuiteble Tor use

pubmerged in iiguide 1t was decided to consiruct a
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uv

thermopitatically contrelled ailr bath, This wep made iﬁ the

with double walls ﬂﬁﬁ a

form of & woeoden box or cupboard
&Qﬁ%ié ﬁ@@fg e hollow bebween the double walls was
ga@%@& Wi%h wWood %aéi. an nwpeciion w;aﬁ@@ Wt ﬁ“??&ﬁ@ﬁ¢
The heating element wae a BO watt electrlo llght bulk,

?ﬁig WG @aﬁi@@l&@ﬁ hy & i&rwg‘ﬁhigﬁﬁfm@m 1 ed regulaioy
%ﬁﬁﬁ a&aﬁwu%@@ with & leoal six volt @ifﬁaﬁiﬂ This loeal
a;wméi% @pvﬁau@% B relay w@iég& which In the 230 v&i%‘ég@.
eivouit connected to the h&ngﬂ’ bulb, & elield wos pié@@ﬁ
to ﬁﬁ%@%&@ direst rudintions xr@m.ﬁh& bulb “&%%hiﬁg el ther
the cells or the wé%al&%af. & FTour bladed fan of
ayﬁf@xiﬁ&%@1$k§“ dismeter was udged o civeulats the sir in
the alxr bath, It revolved at about 130 revolutions pew
minute, This was gonnected by pulley geors to the mame

mo tor ﬁkiaﬁ drove the rocking sprovatus for th& hydrogen
electrodes, To eliminate electric leakage the Interisy of
the bath was painted with hot paraffin wex, Then a,ﬁafully:
adjusted this bath appeared to be capadle of keeping its
temperature at 268C + 0,18 ., A ﬁ@mgiﬁiva thermometer placed
in a soall beaker of Lliguid in the alr bath ehewed no

54"

discernible fluctuations in tho tempersture of the liguid
once the temperatuve of 25°C was veached, The ccoling
apparatus augges ted by Qlark in hig book "The Deleyuminutien
of Hydrogen Tons! was not consirucied Tor, ae was expected,
the room temperature rose above 20 only fwice during the
BUMHET o

Ingulation, Apsembly, Wirlng, ete,.

The potentiemetric apparstus wep all supported on



paraifin wax blocks oy on paraffined mme glags,  The
elestrie wires Lrom m %Mi@m% oells were kept as short ag
popsible and all werse insulated with elastic rubber tubing,
Thip ins suiation was sufliclently &“iffi(;imi‘ii to vender cleotrie
ﬁméﬂ iwﬂ o the @gym@msﬁs unaen %M.w,

The i’sg;amgm generator vas mowunted on top of the aly
bath, the pobention seter was mounted beside 1t and the BoLor

for the Tewn beneoth the aly bath,

The hydrogen wes led from the genevator o the oells

through glase tubing, with & rubber Junciion at the eell
which grovided sulficient Flexitilit by to permit the rooking

ren eleetrode, The glags tube wer used to

of the Ly
prevent cpberie oxygen diffupling inte the hydrogen se it

gn e Ay b . ¥ i, 2 N v, - 1 o g " ‘n gt
way woen rubber tubep are upaed exeaseively,
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PREPARATION OF 10 SOLUTTONS 1A

UKD,
ulphide Solutions

2

Preporotion of the Sodiwm

"
8

The sodium sulphide solutiong uped in this work were
prepared by dissolving sodiwn sulphide @ryg%aig of
Analytical feagent grade in freshly boiled digtillied water,
fSelutions eironger than l-molal shewed a teadency to turn
brown in the presence of eiry %o overcome this these strong
polutions were made ﬁ@ in e hydvogen alwosphere, UHone of
the solutions were oxposed to aiy uniecessarily, all were
kept in well stoppered bottles and %én% used ag fresh asp
possihle, Xach polubtion menpured wag analysed by the
ptanderd lodine-thijicsulphate titration wethod and it
gomposition enloulated in terms of molaiity {g%am%% wples
of solute per 1000 grammes of solvent). |

ining Othey

Zreparation of the Bulphide Solutions Gonts

Reagents

-The sodiumg @&lﬁhﬁ&gﬁaaléiﬁw ehloride solutiony were
prepared By adding to & solution of the sulphide prepared
ag desoribed above & welghed quantity of the subydrous

ehilovide, |

| The sodiwe sulphide-podivm stearate solutions were
prepaved by adding to the sulphide polution s quantity of
the wonp solution of kuown sirength, 4 series of solutions
were wade up in this way and the sodium sulphide
concentration in each one was reduced to a aan&%gaﬁ‘vaiaa
by the addition of the appreopriate quantity of dietilled

water, Thepe solutions weve agitated for eight hours in



-l
a meehanicel sheker to break up the dense goap curd which
formed,

The sodivn sulpnlde~celcium hydroxide solutions wers

made up by ad

to lhe sulphide soluticns and
then agitating the mixture for eleght hours,

The sodium sulphide » acdiun sllicale polultions weve.

v & welghed guanitlity of the silioznte Lo the

ngile
gulphide polutiony,

3

The strength of the galeiwn ehloride - sodium suiphide
polutions wae limiled by the coplous precipiiate ﬁf'ﬁ&i@iﬁﬁ

hydroxide

The additlon of wore bhen O gnws of the
ehlovride Yo L0 gume of 8 1,30 molal selubion of the sulphide
produced & miziure too thisk to manipulate in thue electrods

Vaahela,

Tae pireagih of the sodiun stearsate - sodium sulphide

g

golutions was limited in & mimiler weanner by the formambtion
of & thick eurd,

In neither the csleium chlovide-sedium sulphide
solutions noer the godium stesvnie-podivm gulphide solutions

wae any atbenpt wmade to Tilter off the presipitate,



v YThe Determinstion

in the

CPronm eadh solution nre

=
15£§“}533§: e‘i'}}\k {wﬁ 2] 3.

gonsentenbion was

cells mde up from

EN s ]
i Y jl* f,ﬁh:f‘
b, :;’}.33# i1y ‘ &A,ilm:’f;

soncentration

a sell was regorded » the purposzes of fhis paper 1t was

re
agrec within 0,3 millivolte, The accuracy of the anparatus
1%

was checked frequer

Ly by the msssgurement of the
£

a oell sontaining o solution of known

praparstien ®3 .0, Iniversal

PULDOHE .

The vells vontaining tite sulphide golutions behaved in

osomevhat pooulisy manher, I0 wee Tound that the B0, F.
of the gells mose to maxinum afier voeking had sonbinved
for about elght hours, This meximum potential, ouce

attained; 4id not f2ll off we is go often the case with

@,

hydrogen electrode sells, bul was ssintained se long ss the

sell was kept rogking, One cell was vogked Tor nine hours



after the mulum | awwgﬁﬁ had beon attnined aund the
potentionetes was wahle to deteet any variantion in the

I 9 &@?A%@ this time, The bulfee solutione ueed to

n gleotrods in o fow minuten and behoved

generally In o novwsl mpaner, & possible explovstion ef

thie belwmvicwer of the sulyphide selle will be dlccuseed

gnnbled sells

and then 4o be

of gells of o aortnin &&%%%&@% Were wets

pouklng vader gone serviecion during the

L

il of gel s soncentvretlien o8 solution

,
BEHO0E

it

5L

wernis

‘:3

wars left ow fai%@ o -

s o aelle shich were

stly the pame

sulpiide pojution

W sgpeel by hpdrogen sad the

Floushied with fregn BCL selution fron the
prated in the sali bwridge,  The electrode

with dietilled water and the electreds

wnt £illed widl

*

ng to Jlark’s teshnicue,
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i viously
ingorporated o,

vivtuelly no ougrent

the H1LF, of the dilute cells

BT TR

puiphide polutions, bub 1%

had no ndvantag 1er Pogzendort

Ly uged,

the latier was

uged ceeaslonally to verify the
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SEPERIMONTS O I MVESTIGATE T 1k  BXTHTEHCH OR oW E@;’?fﬁf BHCE

OF FOIGONING OF T WYNROGEN RINCTRODES BY THE
SOLURIONS

3
It was decided to perform a series of cell measuremsnte
on the sulphide solutions using widely diffevent types of
bapes for the hydrogen evlectrodes: +thie was seting on the
supposition ﬁh&ﬁ if poisoning cocurred it would affest the
difterent types of electrode in ﬁiff@maﬁt degret, and &o
the different types of electrode base would yield different
B, P.'s in the same solutlion,
in these @ﬁ%ﬁ%im%ﬂhﬁ the Tollowing types of electrods
base were ugedi=
{a) Pright platinum foil lightly coated with plautinum
blaek,
(b) Bright platinum foil heavily costed with platimum
black,
{¢) Pure gold lightly eoated with platinum black,
{d) rlatinum gouze 15@@%&& conted with platinug black,
(e} Lightly gilded glasp lightly coated with platinum
blaok,
Thepe different electrodes gave identical y%t@ﬁﬁi&l% in
gimilar cells, This appesred to indicate that the
slectrodes were not polgoned, It wap fully reulised
however that if the different types of electrode bases hed
given different potentials in solution it would have been
Fairly conclusive evidence that poisoning ogeurred bhut the

most that could be deduced from the experiments was that



- e

ne evidense of poisoning was obtained,

he @Qﬁﬁ%@ﬁ§§<@f equilibriun attained when measuring
the sells appeared to indicste t&a% polgoning did ﬁa% seour,

If the eguilibrivm attained in the cell wap disturbed
By any m&%ﬁé,~§leétri@al‘@r‘&@héﬁwﬁs@ the Tormer equilibrium
wan vapidly ?@%ﬁ%@iﬁ%ﬁ, |

It wae conciuded £row the results of the experinents
deseribed above that no experimental evidence was obiained
thint the lydregen electrodes were peigoned in the type of

cell used,
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REAULTS OF BXPRRIVINTS 1L

AT IO OmT

COWTAINING AQUROUSE

SOLUTTONS

SODTUNM CULPHINE,

The B,H.7, of the cell thgglwag éxggﬁl

Was mwaﬁaxaﬁ

%@&i&ﬁ ﬁ&i?ﬁiﬁ& af m&i&li%y ﬁo

| KoL tﬁgm

Esgﬁigg‘

@%@%x}?éﬁ?@%%ﬁtﬁ an &ﬁ%&ﬁ&% %@im%i@ﬁ of pure

The gﬁ of the aaluﬁi@a @f M & W @&2@&1&%@& ffam ﬁﬂa

iy

usual %%ﬁ&%&ﬁﬁ b yﬁ = E ~ B gal. ?ﬁ@re % is the ﬁ%&%ﬁ?@ﬁ

0bY

O
E B, of ‘the call mﬁé % eal that ﬁf %ﬁa ealomel @1@@%@@&@

used,

The resulis were so followgge

Holallty

2,00
1,40
1,217
0,91

0,604

0.5818
0,268
0.1685
0, 06264
0,08
0,03

I

B~ 5 eal

5808w,
$BUO0V,
L8027y,
JB1l%v,
B64SY,

WaB8Gv,

B340V,
5180w,
» 404087,
ATR0V,
AETLw,

10,01
10, GO
9,000
9.86
Y08
9,46
9,06
8,78
8,21
8,00
V.93

Solptions more dilute gave no relisble measurements,
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- e
Results of experiments with solutions of FHe,B to which

Gally had been added In verious awmounta,

Holality of the Sodiwm sulphide solution,s 1,088

ranmes @fv@&?ig sdded

to BO gmms of Neof solutdon B « B eal, pll,

3,00  LB763v, 9,77
4,00 55707, 9,87

» 59

hS

B.00 LB070v, &

ﬁ@i&iiﬁy of th@‘gaﬂimm'ﬁglyhiﬁ@ solution « 1,58

1,00 e BBBRV, §,086
8,00 "aﬁ%?g?* U,98
$a OO « DBEOv, .88

R
ol
&

4o OU O784v, G,8

i
e
»

o
e

» DO e BBV,

i

8,00 54767, ' 9,28
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golution of

Reeult of ex ! &5 tu wid
e
sedium pheerate hod been sdded in weying anounte,

e O 2.B980v,

U 5980w,
0, 5050,

SR TR

giiaﬁ;é’ ‘a.m% @«p ware ¢ %’% FERLE

golutisn produced & sizture

rmnd pulation,

prrreated)

E 3
Bl

too thick w«

& é Y s:::i*{;

i
m

10,08
1,08
10,08
Lo 00

33? %}@ %ﬂ?

the sulphids

gurdy fop



T3
“‘z;j;ﬁ“"

Regulte of experiments with selution of Naud to which

godivwnm gilicate had been added in warious smounts,

Holality of the NegS solutions e 1,086

Gmas of podium gilionte :
added to Bhg. sulphide

golutic

1,00
2,00
3400
4,00
B, 00

E= 3 anl,

IRidititer
«68L0Y,
« 5860,
«B880v.
<5816y,

9,92
.92
9,92
.98
.86



w12 Ba
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(1) 1,085 mplal YNesS molutien holding in suepension

sxcess OafOH)..

B~ % osl, & 0,6002v, o EH « 10,16

{2) Cowmercial sulphide depilatory peint consisting

of & 1,40 molal {epprox) solution of FayS which

had been thickened with linme,

B3 eal, s« 0,68070v, e DPH » 10,30
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It is proponed to divide the discuspion of the resuiils inte
twe seotlonpie |
(A) The disoussion of the wvesults tabulated ont P19
which vefer to cells measuring the petential of the

hydvogen slectrode in pure golutions >f eodivm

In thie sectleon it is 9&&@@%@& to test
the &ﬁg&i&&biliiy of the ﬁ%ﬁ%l physiso~chemical
eguations to the equilibrie exiesting in the agusous
golutions of sodium pulphide, and to endeavour to
galouvlate any of the vavious eonstants which sy
npply to these solutions,

(1) Yhe discussion of the vesults tabulated on pp, 2083
whieh vefer to celle containing aguecus solutions
of sedium pulphide Lo whigh ath@y.zgag@ﬁ%%'ﬁ&& been
added, These polutions, from their welation to the
depilatory painte used in f@zlmﬁﬁgerim@'§?a§%i%@s
may be vegarded am of a technieal nature and will be
reparded firpt from ﬁﬁ%@ point of view, Finally
thess YYechnical® gells will be eonsiderved to see if
the wessurements oblained can be used to ghow any

light on problems of greater theoretivel interest,



The resulis teabulnied on poge 29.@@@ graphed (g@a@&'l}
plotting pH against wolality, It was found that if the
surve baped on the squation plk9,98+1,4logM- 1/88 %& was
eluo plotted it diffeved from the experiigiinlly obtained
gurve in ne gi&aa by more than 0.1 of a pi unit, In graph
I the experimentally obiained curve is & solid line and |
that in accord with the equation is & dotted line, The
surve given by the equalion will not pase through the
neutrality point when M beeomes infinitely enmall but only
holds throwsh the range of experimental values,  Further
the term in 1% becomes negligibly emall below concentrations
of 1,0 molal, hence the curve between the volues of 1,01
and 0,031 way be represented mere simply by pHa9,92+1.4 log
Mo | ; _ o

In discussing the payeico-chemieal equilibrie exieting in
nqueous solutions of sodivm sulphide we arve @iégﬁgéimg the
pH of the salt of a sirong base and » weak acid, Hydrolysis
must occur and it is from the point of view of hy&ﬁgiyﬁiﬁ
that we shall firet goneider these reswlis, For the
purpose of ﬁhig'@i%@uﬁﬁiﬁﬁ,f@ﬁ%‘ﬁyﬁr&ﬁiéﬂ‘&f~iéﬁ% will not
be consideved, and no distinetion will be considered to.
exist betwesn 1 end Hg0 » It appenred to the present
writer that with the information and figuren aveilable, .

%q introduce the guestlon of hydration would sevrve no
uveeful purpese in thia puper,

1€ we regard the pH {(or in this cape wore properly the pOH)



as o meagure of the gongentration of the ion referred to,

and ohange its form to en srithmetic function, then we way
?@fé? to 1t ap & Traction of the grestest poseible
concentration of the weme ien in the solution if the
solution weve completely hydrvolysed, Buch a fraction may
be referred t0 as the fragtionsl hydeolyeis and is
ﬁé%ﬁﬂﬁ@?ilﬁ &@ﬁ@%é& by the symbol X,

The @hﬁ%é%iﬁﬁﬁk@$ %h§% sre faivly voweriul, In general
%h@g% aﬁjé@ti@m@ depend aﬁ‘%ﬂ@'@ggii@&%i@ﬁ of the aotivity
m@ﬁ&%@% i@ solutions of thie type, Ateording to thie
concept the pll ap meapured in the cells will depend on the
astivity of the hydrogen ion, not the true concentration of
the fon, The activity of the ion may be concidered me the
consentration of the ion multiplied by a foctor referved to
ap the metivity coefficient of that fon, Also with all the
other lons in the polution thelr effect on the equilibris
exinting in the colution will be that of the product of
their respeciive ag%iviﬁg'@ﬁﬁffiﬁiaﬁ@@ snd concenbrations,
If we secept the sctivily eoncepts ae we muet, it becomes
Ega@%i%aiiy‘iﬁgaﬁ@ihiﬁ to digtinguish between notivities
and concentrations of all the iong in solution, and soy in
the light of the aativiﬁy’@wﬁ@a§$ no vailue of x oaleuvlated
&%‘ﬁégﬁfi%@ﬁ shove can have any 2eal measning as the
“fr&é%isﬂal hﬁ@%aiyﬁiﬁﬁ; In the Trensactions of the
?ﬁ?@&%y Society (August 1927) pe 513 T, Lowry definitely
mokaes the sptatement that in the activity concept no mensure

of hydrolyeils can have any real weaning,



w2
in place of the simple hydrelyels equation for the salt of

s epirong univalent base and & weak wnivalent scid Pemmyoulek
{(Rept. Australasian Association for the Advancement of
Soience, vol, XVIII 1928, pp. 182-196) ouggeste the
following euyuation ae incorporating &@tiviiy goeffioientsi~
Bw/E,w0x"/(1-x)X %,  where ¥, and ¢, ave the sctivity
epeificients ol the bape and the palt regpeoiively,

Such mn equation adapted to the sonditions of the solution
we are sonmidering would, no doubt. veprepeni the wiate of
affalirs %a&%éﬁ&%ig well but ne Tigures are avallable heve
for ¥, ¥ & ., In dilute polution the aectivity coefficients
will tend to waity and the %K@f@%%i@ﬂ will eimplify Lo the
classloal eguation, This eimplifiecation @a@‘@eargﬁly e
expeated o hold good over the range of selutions
investigated in the present work, However 1t wae congidered
%ﬁ?i%ﬁ%l% to mmke this sssunption of unity of the seotivity
soeiTicient in the case wnder consideration and to test the
gongtancy of the “eamséaﬁ%g@ g0 obitained, This will be
dealt with in o later gection,

In spite of these objeetions and for wont of o more suiteble
exprosgion the fractional hydrelysis x as defined at the
head of this seetion wap cslowlated: 4t seswmed that this
very simple expression would eepresent in itmell the wost
satisfactory meseure of the hydvolyeis oblainable in this
‘é&gﬁa' |

The present writer suggests thot x be not deseoribed as the

fractional hydrelysies but rather as the relative alkalinity



o 33
{?%i&%i?@ &@iéi%g in the case @f salis whieh hydrolyse
| to give an agld resction), This descripbtion would beg the
guestions introduced with the activity concept, and would
be & treery deseription of x,

It will be well at this stage to state the definition
of % gi?ﬁé by Pennyoulek {loe, eit,), He states that the
&nly‘axaéﬁ meaning which oan be asslgned to x is puch that
g,‘sﬁ will wepresent the wnionised moleculee of the acid

formed hy,hyaﬁglytiaf&aéi@ﬁ,
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Table of the values of x saloulated from the @%&%ﬁﬁﬂﬁ%w‘*
x = {OH)-
Wgre {(0H) h&ér@gyi,i&gaamﬁaaﬁtfatiam‘&%’@azgaia%@é Trom
the slapsionl equation and € iz the molality of Ghe
polution, The calonlationg are baged on the Tigures

tabulsted on page. 19,

¢ H | -
200 "10,0L 0, 0000328
1,40 ; 10,00 D, 0000408
i.21% 9,995 0, 0000618
0,91 9,86 04000050
0,604 9,58 0, 0000363
0,5218 9,46 0,00003615
(1,268 9,06 0, D0002YS
0.,1685 8,78 000004296
3, 08284 Be21 0400001645
Ua 38 B,00 0, 00001274
0,03 799 0, 00001765
It we xég&ri the hydrolyeis ap belng governed by the
equation

Fag8 + ligh ¢ WalH ~ Hald
the wvalue of 2 will be numerieally double the above walues
which are based on the eguilibriumse

ﬁ%g% + $§2§ s AdalH ~ Hab




By waking the assumpiion that the sotivity coefficieuts of
the various jens present in solution ave all uﬁé%yfwé-may
aimply deduge the expressions for the dissodistion eonstant
| of H,8 and the ﬁy@f&iy%ié‘é@ﬁ%ﬁ&%t‘&g fail@@g;fig he
manner of the slassigal eguations,
The ﬁﬁ@%”@%ﬁﬁ?é ptages of hydrolyeis mwy be r@@ﬁ%ggﬁﬁaé
¥ @h@‘f&liﬁwxag %Wé’ﬁuﬁﬁly gtoighiomstria equations=
ﬁa § + M0 ¢ NaSH + HE S M«'Mmuwuwci}
ﬁ%qd * BHG0 & HoB + 2Ma0H vovswinaowiesslB)
The mechanism of eguation (1) may be rg%?@aa&téd’%g‘ﬁhﬁ
two fonie squilibeiai ‘ |

P et L e
&%S "'.%3;'3":9 'f'fi &a*aaaw&»@sﬁeaewﬁwkgssgeaQQ:i%}

&3

““im * §§+ = L,%@ ggaﬁgntgv&#ﬁﬁééﬁﬁ%ﬁ@@&@%i{wg
shiloh may be gﬁﬁ@iaf in the simple a%%iiiéfgam b@&@%i@ﬂ%
Has™+ Hy0 % Hadll * O viusiviessenvevene{db)
ﬁ&ﬁﬁii%@ Wolar eoncenivations by square bruckels we have
{1a) and (5)s "
[vas] [1] = %1 BT S R £ 3|
] Eﬁd , 4,Qg@ﬁ%@a%gya,,ﬁg;ﬁ.,;ggfgﬁﬁj
and therefores | o w
[as] ga§%  f a&%l (0] et vninevinsvanenalB)

If we new muke lhe sluplyiying sseuwapl Jonp that sodium

o

pulphide and coustic soda are cempletely ionised according
10 the equantionss

& + Has”

=y

Toy 8o K
&%gs X
HaOl 5 Ha' + OH



BY 5
and if ¥ denotes the =melality of the telal sodluws enlphide

{hydrolysed and non hydvelyssd) snd x the frestionnl smeunt

aydroalyped s

5 {4} 4t follows from the

5 thaty

T & w1em)y [Hasnl] « 25 e [07]
wheacs Trow (8) we haves

E gﬁé = gﬁéﬁ&%@%ﬁk&#&%#%%%%ﬁﬁ®@*Qﬁé?;

%3 vields the Tellewing eguntions
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Hoter= In ihe sountion



ble of the values of K,end X, for solutions of sodium

o
5 N

sulphide cnlenlated from the equationges

K, = MeS/(1ex)
%, & WxS/(1ex)

: By o

8. 6x10° %
1.16x10%°

1, 5083106

9, 36x10™Y
8, 84x10""
2, 881079
8,00x10~10
5, 50x1010

@.?§x1§“11>4

3.26x10 11

3, 73x10"10

L By

©1,385x1072%
1,84x16°15
5, 016810715

1,07x20715
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Frowm the egustion y@ w G080 + 1 %lég & - {3/88) %é wﬁaeﬂ
&ygﬂﬂﬁéawuﬁi? &ik% wae expevimeatally %@u&iﬁ@@ surve 1t ig
poesible 1o deduce ﬁX@fﬁ@&iuu% shewing o klmgie relationship

«««««

Cbetween molality and the quantities %y &iﬁ Bos Boqs and K u.
in the move dilute molubions where the tera in 4% may be
neglected,
we howve for walalities less thon 1 3, i
Yl = 9,92 * 1.4 log W
SepUh & léﬁgi}f Pe@8 w» 1.4 log i

. , e e an
5Q§§.}f§: £ ‘%g@& - l,'ﬁ;’;j% l{}g i

LI o . f . 3 &
colom)z 1%/ antilog 4,08 = wis® 1anu0™L
ook w #0e9320207) or 1¥0%2404071 ne the case may be

Kow Ky o= Mt/ {lex) end as x is very gmall K; way be regarded

v B
a8 equel to Hx%,

L]

el ]
oa iy om %““% Lanao
Similarly Ky = Mﬁﬂ&’ 24040~ 5

B ] A B
2 ey 107LALPraggo?

) a 0 = p - 8© w“' 4“ ég Py - ;«2’
and ﬁaﬂm.iﬁw£gk¢éf,.kaéﬁéﬁ&

These relationshive are of ﬁgmrﬁ@ very approximete and hold
goad @ﬂiy over # mange of concentrations Ivem 1.0 ¥ to

L0% ¥ the woet dilute spolution whose pH was meosured,

As wan remarked %éf@?ﬁ the svrve glven by %h@ eguation

PH ® 9,82 + 1,4 log W = (1/25) 15 does not exnobly f£it the

experinentally devived curve bul only wso closely as in no

place to differ by wmore than 0,1 of a gl wnit from ihe

grperimenial curve,



w e
From the vesults tabulated it may be seen that none of the
Paluen Z%:Zi:y g;%a f%ﬁ} 5{%@% hag *ﬂ;“fg congtancy, This may
indionte that nene of the physieo chemigal equations used
is applicable te aqueous wolutions of sodium sulphide,
Tﬁ@g these equations ave not appllicable may be due to theee
caunes, These are as folleowsss
{a) ?ﬁerggﬁ in more diseociated in the wolution

than is assumed in the equsiion {%3333,ﬁ @g;} 1 tuis
%Qu&aiﬁﬁ'ia not true it ie because the OF ion concentration
in the solubion is insufficiently greater than its
concentration in pure water to make the equation valid,
(6.f¢ Denhams The Blectrometric ﬁﬁﬁﬁfﬁiﬂaaggﬁ ot e
Hydrolysie of Salle, Trans, Chow, 506 4 l§@@y 05 pe %@g}
| {(¥) The solutions are insufficiently dilute te
juetify the apsumption that the activity coefficients are
equal to unity, As wee mentioned on poge 27 it is very
improbable that the %ﬁti?i3§ coefficients should eyual unity
over ihe range ﬁﬁgﬁu?QQ‘A

(@ Bquation 1a 2, Bé probably does not vepreseant the only
possible equilibwium

W& have ¥ag™ + H'e Yagy

It is probable we wlse have Wail <= I
50 in sceord with 1b HaS® + H,0% WaSHl ~ O < Ha* - gu”

+OH®

& Eﬁfﬂ = Eﬁagﬁ] + @%{]

fo from we obiain
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+d

* $his i 80 X; will not be celoulable from the pH figures,

5

i

o

witd g0 the insonslant resulis ave not surprising,
Gxamination of praphs V and VI where ﬁi‘&ﬁd K, respectively
ave plotted against the molality of the solution ghews that

both graphe vhew distinet trends, each rieing to o maximum

at the sane soncentration and esch falling in a steep but
even curve (rom thet maximum,
In graph IV where we have x plotited ngainet molulity we

find o maximom again ogcurring at the same concentration,

e

These moxime all oocur at s concentration of about 1,8 i,
Jhe most that can definitely be inferved from ithe graphe

.
k!
L

W

that gomething takes place at 1,2 M, which aileocts LA

%i and =, |

It appears clenyr that this which t@k@é plaece at 1.% He ip
f@ﬁ?%%&mt@@ in the equation pH = 9,98 + 1,4 log I - (1/95)u%
by the last term (1/38)u°, |
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o G
&/ g %@@% ghange ob highey dilutions, Thin way
é%&i@%@@ %%Q% 2% @i%wiﬁﬁﬁﬁ grenter %ﬁa@ those wmeasured the
%@%@%ﬁﬁﬁﬁé'iﬁﬁjﬁ%@‘ é%@ﬁaﬁﬁﬁﬁﬁ@ and ﬁy%ﬁﬁzwﬁw@ ﬁﬁ @5€@?@%ﬁ§@
with the sesond equatlen p.30 csture. It may be signlfiennt
fant the plet of the lowest concentiration neosured peens
%@ Be to the left of the @%ﬁﬁﬁﬁi Wi gg‘ﬁfaﬁﬁ* %@gg may
indionte the beginning of the change ia i/ gy OF it may

indieate wimply the aoumencement of %@@ ghenomens whioh

ronder the hrdrogen slentrode wnsereiceable nt high
aiiviione of M&%wﬁ It mey be thnd the vendering weelssn
of the hydrogen slectrode. and the dissooiatisn of tho Has™

fon are welated phenomens,
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Disoussion of results,
flection B
AR G e NS i

This i a diseussion of the resulis tabulated on yﬁu H0-
23y which way be regavded os neagurements of the pi of
beshnical solutions,

Boiutions of sodium sulphide to which ealeium

ghlordde bad besn added, The fgxwﬁ solution of podium
sulphilde %o which caloiuw chloride was added {1,086 ¥} was
rather m&y@~ﬁi%&£e than the polutions uweed in deplilatory
maintps but 1t wees thought that the resulips of sdding the
palcium chiovide 1o & solution move diiute than that at whéah
the waximum ogourred in the K values would be interesilng fox
comparative purposes, It 1s seen we should be sxpected

that the guantity of ecaleiwn ehioride wvegulved to reduce

the pH o definite amount ig much greater in & solution of
the technieal gitrength (1.35 M) than in the 1,085 ¥ solution
slthough the pH of esoh solubtion before the addition of the
hloride was very little diffevent, The resulie are
ineorporated in graph IT, From these graphe the amount of
galalun chloride weguired to weduse the alkalianlty of the
soluntions of sodium suilphide may be read,

| Weight and Askew (vid., sup,) woke the stetement thet
the addition of sullieient galciuvm ghloride will vendep
sodivm gulphide solutions almoet neuitral o phenolphthalein,
This is in agresment with the curves on graph V, Wright and
Agkew silate %k@i‘%ﬁﬁrgve&i reduction in alkalinity cen only

take place in accordance with the equationis
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They eonelude miadun ohleride i @%ﬁ%@

w’é s the eu

in wolutlien will be ypresent in

the foem of the sulshydrate Telll, Any Tras sodium lodrozide
provent will alse renat with the enleium chlaride te fowm
sodiws ehloride and onlofum %yﬁﬁﬁﬁiaﬁﬁ The coount of

ai&hz@&g delernined by ii

th ptandard ledine they
found to be the vaaw heveore nnd ofter the sdditlion of the
eniecivm cghlavide,

The preesent wrltes gow idars thet the re

of Wright

giew that the Fminen

siaatrods

inerenps

GuTe oL

saen e e erpatic, due ne

dowbd e o warving aonditiong of ourd Tovmstlen fu the niyture,

This allightly - hawionr dg suffieient Yo sgecunt fep

4 iy

the unreliability of eonyp thiake

*;%w:%% g

ier known to exist ﬁﬁ\y“‘ﬁ tdond depllation,

The moesi

wwrleg of srper

mot agnlite po high ae that of & of known 4

table of thepe reeulie vhews

tion of sedive eilienie i
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& solution of sodium sulphids (1,085 3) does not incresse
the i, It may well be that the hydrolysis and dissociation
of podiuvm siliowle and sodium elearate are ﬁiﬂiiar,iﬁ yalue,

Tage 25 {1} For comparison with (&) a 1, @3& H,

golution of sodium sulphide was thickened with line as for
o depilabory paints I° is seen thel the addition of lime

increapes the i fwom 9,98 to 10,1¢ bul that tihe increase

ie not sufficient to bring the g wp Lo the value of {2} &

;tf

depllatory paint of standard gomposition and kunown
effieiency, (8] was a simple depilotory peint suitable for
winber conditions in Wew Zealand and consisted uf o I, i M,
golution of sodiuwm %uiphi&%,t@i@k%ﬁ%& vith lime, ¥No oalelum
chlovide &&é been added fér the upe of ihi% reagent s
confined to the summer wonths, The pH of this painl may be
taken aa’ that of o good puint of efficient depilatory aotion,
¥rom the foregoing resulis it may be &mnﬂzm@%é that in
the mapufagture of sulphide depilatery paints the sotion
of lime i%‘t@ incresse the gh and, tu aot as 8 eﬂz@&@ﬁ@ng
agents IF the pl, from any cause, exceeds the value suitable
for depilation it may be rveduced by the addition of cnleium
chloride, The adéition of sufficlent ealeium chloride will
reduce the pIl of podium %ulphi@% solutions almost to
neutrality, Aleo that podium plearnte added ap o thickenew
for paints will not raise the pH of the paint to that of a
paint of known depilatory effieieney and the stearate also
??é&&@%&k% paint of ervatie ¢l value, The aﬁﬁg ion of

wodium silicate to & paint does not appeay lik@&y to modify
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Lhe paiant very smoh,

3, %

gonvendent to ﬁ*wg@@% oritically the

maw 601y,

i

1R gm g ket
bt &’iyég Wit & it

sbundance of literatuwre that both Hy6 end Hy upe sdeorbed

pn piatinum blaek, It sypsers ot leset posudble thet ae

the elentra the Glayk hyvdrogen elecirode vetsel ib
Fiest lmasrsed in sulphide solution 1t will Toem an adeorbed

laver of H B, “%a glecgtrode is next browght inte convent

with the hydrogen whieh displeses some of the sulphdde

enlobion Urow the cells and ls thawn slier

the guwlphide golutlion and sxpomed to the

v toelat hours 10 cone

‘o eguilibsiun, ig enpoble

of peplasiung ths invm snd thad at the

%

i

ef eight howrs ue hove a8 eleoirodes ol

""" Mﬁéﬁa? blaal

turated with hydroepen ond fudetioning an o hy@ng%m

f

L S ;i L B e
gleatrode, The faat

&

thve du agreanent belween the pil

ohiained by meane of this elegtrede and that Gedused frow

zoplaced the ﬁi%@%?@%@ fonegtione in & nors @E AL .

potentisl exdeting ot the boundeary Wa, &
‘ o)

poesibly be conslderable, In ithe abpense of dula the ususl

k3

practios of ignewing this boundayy pot been Yolloved,
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